The main challenges concerning the additive fabrication process are also thoroughly covered.
I. INTRODUCTION
Low-cost compact multilayer wireless electronics have become a key factor over the past decade to implement First of all, interconnects should be highly flexible in order to maintain the system performance under bending or folding.
It is critical to utilize flexible substrates to achieve high flexibility as well as adequate fabrication/metallization methods which are compatible with the chosen substrate and able to stand bending/folding. Via metallization and alignment technique are also important to implement multilayer compact electronic system. The cost efficiency of the whole system should be considered while satisfying the system requirements.
In this paper, a novel approach which utilizes inkjet printing technology to fabricate scalable flexible multilayer 2D/3D electronics in SIW technology, that can be suitable for a variety of communication, RFID and sensing applications, is proposed. The cost effective nanoparticle-based inkjet printing fabrication method is used to utilize the full range of flexible substrates, avoid cleanroom process and achieve low-cost systems. Via holes are utilized as alignment marks for the multiple layers. This paper is organized as follows. Section II presents the experimental demonstration of the proposed flexible SIW interconnect and multi-layer broadband coupler. Section III discusses the details of the fabrication procedure of the inkjet printed flexible multi-layer microwave components in SIW technology, while the last section closes with the summary and the future work.
II. FLEXIBLE INKJET -PRINTED MUL TILA YER COUPLER DESIGN

A. Flexible SIW Interconnect
As a first step, a SIW interconnect has been printed on a flexible polyimide film as shown in Fig. l(a) . The SIW line was designed for the operation frequency of 5.8 GHz, and for this reason the cutoff frequency of the fundamental mode ifo) was set to 4 GHz. The width of the SIW was 2l.7 mm, the diameter of metal vias was 1.0 mm and their pitch was 2 mm.
The dimensions of the pitch and the diameter of the via holes were chosen to reduce the radiation leakage as well as to minimize the fabrication error [2] . The transition is designed to transform the quasi-TEM mode of microstrip line into the TEIO mode in the SIW. The ratio of a length to a width is set to 3 and optimized to match the fields of the microstrip line and the SIW [3] .
The full wave electromagnetic solver, Ansys HFSS, was used to design and simulate the SIW structure including microstrip-to-SIW transitions. The substrate thickness is 254 lID which has dielectric permittivity (cr) of 3.0 and the loss tangent (tan 8) of 0.03. For the measurements, a Rhode and Schwartz ZV A-8 VNA was used. The measured insertion loss (lL) of the microstip-to-SIW transition is about 0.8 dB while a reported transition has about the IL of 0.2 � 0.3 dB because it is built on low loss substrate which loss tangent is usually one tenth of the polyimide film used in this work [3] . 
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III. PRINTED MUL TILA YER COUPLER FABRICATION
The inkjet-printed SIW-based interconnect and broadband coupler proposed in this work are constructed in three steps.
The first step involves the cutting of the 254 11m thick substrate along the outline of the design using a laser cutter.
Cutting the 254 11m thick polyimide film uses Epilog system's Legend 36EXT with a laser power of 7.2 Watts in a scanning speed of 5.0 cmls and a resolution of 1200 pulse per inch (PPI). The laser cut substrate is thoroughly washed in flowing water to wash away the blackening and dust.
Step two is to focus on the inkjet printing of the SIW and ground patterns on the prepared substrate. The substrate surface is cleaned using 99% ethanol. A Dimatix DMP-2800 printer is used to print Advanced Nano Products' DGP 40L T- 
;Ai 10 system can be built based on the study presented in this paper.
The relatively high loss can be improved by increasing the metal thickness by printing more layers and using low loss flexible substrates, such BCB and LCP [6] . The conductor loss can be further reduced by increasing the substrate thickness [3, 7] .
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